* Attorney Docket No.: OOCONllSP 



UNITED STATES PATENT APPLICATION 

FOR 



METHOD AND STRUCTURE 
FOR SECURING A MOLD COMPOUND 
TO A PRINTED CIRCUIT BOARD 



m INVENTORS: 
P DOUG A. HAWKS 



p=3 



MARKA.KUHLMAN 
KEVIN COTE 



"EJ4g[lESS MAIL" mailing label number f^/ i^^7^'^7V ^ ? IK 
Dat^f Deposit Q^- \\ . ^M^"" ' 'Cf/ ^^Uh 

I h^)y certify that this paper is being deposited with the 
Uniieil States Postal Service "Express Mail Post Office to Addressee" 
service under 37 C.F.R. § 1.10 on the date indicated above and is 
addressed to the Commissioner of Patents and Trademarks, 
Washington, D.C. 20231. ^ 



(Signattij 



Wi^c^l fcAfx'^mi 

(Typed or Printed Name of B6rson Mailing Paper or Fee) 



PREPARED BY: 

FARJAMI & FARJAMI LLP 
16148 Sand Canyon 
Irvine, California 92618 

(949) 784-4600 

99RSS205 



'Attorney Docket No.: OOCONl 1 5P 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention is generally in the field of printed circuit board packaging. 
More specifically, the invention is in the field of plastic laminate-based molded integrated 
5 circuit ("IC") packages. 

2. BACKGROUND ART 

It is known in the field of plastic laminate-based printed circuit board packaging 
that plastic laminate-based molded IC packages such as plastic ball grid arrays and multi- 
chip modules are prone to reliabihty problems. Electrical failures such as shorts and 
-J 10 opens occur in the substrates and at the wire bonds as a result of cracking that occurs in 
the die attach material used to attach a semiconductor die to the printed circuit board. 

These cracks may then propagate into the interface between the mold compound 
and the laminate material and/or into the mold compound that surrounds the perimeter of 
the semiconductor die. This cracking is generally referred to as "delamination." As a 
15 result of the temperature changes inherent to the IC package's normal operation, 

delamination will worsen during the life of the IC package. Thus, over the long term, the 
failure rate of these IC packages will increase. 

One of the main reasons for delamination is the presence of moisture within the 
mold compound, the resin layers of the printed circuit board, and the die attach material. 
20 Such moisture may result from the IC package being subjected to a humid environment. 
During subsequent manufacturing processes the printed circuit board may be 
subjected to heat. For example, during soldering operations the IC package may enter a 



V 
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re-flow furnace where the temperature is well above the boiling point for water. This 
heat causes the moisture in the die-attachment area ("die-attach area") to vaporize. This 
vapor results in upward force in any pockets or voids that may be present underneath the 
die-attach area. The vapor is unable to pass through the semiconductor die. 
5 Thus, the semiconductor die acts as a barrier to the vapor and there is an upward 

force on the semiconductor die from the vapor trying to escape into the surrounding 
environment. This force may cause a separation between the semiconductor die and the 
die attach material bonding the semiconductor die to the surface of the printed circuit 
'% board. In other cases, the semiconductor die will remain attached to the die-attach area 
Ly 10 but the mold compound will separate from the metal surface as a result of upward force 
ri from the vapor. 

s Figure 1 shows a cross section of plastic laminate-based molded printed circuit 

board package 10 after semiconductor die 16 has separated from die-attach area 18. The 

: ■ 

P printed circuit board comprises a layer of solder mask, referred to by numeral 26. A first 
15 layer of metal, referred to by numeral 22, rests on top of solder mask 26. A layer of resin, 
referred to by numeral 24, rests on top of metal 22. A second layer of metal, referred to 
by numeral 36, rests on top of resin 24. Solder mask 38 covers a portion of metal 36, but 
does not cover the top area of metal 36 referred to by numeral 40, which is a printed 
circuit board bonding region. Printed circuit board bonding region 40 is a designated 
20 region on the surface of metal 36 used for bonding to bond wires. 

Before separation, semiconductor die 16 was attached to die-attach area 18 by die 
attach material 48, also referred to as die attach 48. Die attach area 18 usually comprises 
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die attach 48 resting on a layer of solder mask which is not shown in any of the Figures in 
the present application. A bond wire, referred to by numeral 28, is bonded to a die 
bonding pad, referred to by numeral 14, that rests on top of semiconductor die 16. Bond 
wire 28 is gold or aluminum. Before separation, the other end of bond wire 28 was 
5 bonded to a printed circuit board bonding location referred to by numeral 30, which is 
located in printed circuit board bonding region 40. Before separation, the mold 
compound, referred to by numeral 12, completely enclosed metal 36, solder mask 38, 
semiconductor die 16, bond wire 28, die bonding pad 14 and printed circuit board 
bonding location 30. 

yj 10 As the printed circuit board is heated, the vapor, referred to generally by numeral 

32, results in an upward force, shown as arrows and generally referred to by numeral 34. 

nj 

, This upward force, in turn, results in delamination in die-attach 48 and a resulting 
W separation between semiconductor die 16 and die-attach area 18. Semiconductor die 16 
Q in turn forces mold compound 12 to separate from metal 36. Bond wire 28 is detached 
15 from printed circuit board bonding location 30 as a result of mold compound 12 

separating from metal 36. This results in an electrical open and consequent failure of the 

circuit. 

Mold compounds adhere poorly to the smooth surface of gold. Thus, when metal 
36 is gold-plated copper, the delamination problem discussed above is exacerbated by the 
20 poor adhesion properties between metal 36 and mold compound 12. As a result of the 
poor adhesion between mold compound 12 and metal 36, mold compound 12 cannot 
prevent the separation of semiconductor die 16 from die-attach area 18. Instead, mold 
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compound 12 separates from metal 36 along with semiconductor die 16, as discussed 
above. 

As a result of the problem illustrated by Figure 1 and discussed above, efforts have 
been made to improve the strength of the materials used to secure components to the 
5 surface of the printed circuit board. In addition, efforts have been made to reduce the 
moisture absorption properties of mold compounds and die attach materials. Also, there 
have been efforts to increase the chemical adhesion properties between the mold 
compounds and metals used in the manufacture of laminate-based molded IC packages. 
S Because the methods discussed above have not eliminated the delamination 

W 10 problem, efforts have been made to reduce the amount of exposed metal on the surface of 
the printed circuit board whenever possible. This area can be reduced, for example, by 

^ being covered with solder mask 38, since mold compounds adhere better to solder mask 

o 

r than to the exposed metal. Thus, when adhering to solder mask 38, mold compound 12 
□ more effectively hinders the separation of semiconductor die 16 from the surface of the 
15 printed circuit board by itself adhering more securely to solder mask 38. 

However, in some applications, for example, circuits using Radio Frequency (RF) 
signals, design engineers require a relatively large area of exposed metal on the surface of 
the printed circuit board to increase the electrical performance of the circuit. Since this 
area of exposed metal is very large, it is not desirable to cover it with solder mask. 
20 Therefore, the solder mask method discussed above cannot be used effectively. 

Thus, there is a need in the art for a cost-effective method to more effectively 
secure a mold compound on the surface of the printed circuit board. 
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SUMMARY OF THE INVENTION 
The present invention is method and structure for securing a mold compound to a 
printed circuit board. According to the invention, a through hole or a blind hole is 
fabricated in a printed circuit board adjacent to a die. The hole is then filled with a mold 
5 compound. The mold compound also surrounds and covers the die. The mold compound 
within the hole locks the mold compound to the surface of the printed circuit board. 

In one embodiment, a through hole or a blind hole is fabricated adjacent to a 
semiconductor die. The semiconductor die is attached to a layer of gold-plated copper on 
2 the printed circuit board. After the semiconductor die is attached to the layer of gold- 
y 10 plated copper on the printed circuit board, the semiconductor die is surrounded and 

m 

I , covered by the mold compound and the fabricated hole is filled with the mold compound. 

= The mold compound within the hole has good adhesion to the resin layer which 

^ constitutes the printed circuit board. This adhesion locks the mold compound securely to 

P the surface of the printed circuit board. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates a printed circuit board and die arrangement showing separation 
of the die and mold compound from the metal surface of the printed circuit board. 
Figure 2 illustrates a printed circuit board and die arrangement showing a 
5 fabricated hole filled with mold compound where the mold compound also surrounds and 
covers the die. 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention is method and structure for securing a mold compound to a 
printed circuit board. The following description contains specific information pertaining 
to different types of materials, layouts, dimensions, and implementations of the invention. 
5 One skilled in the art will recognize that the present invention may be practiced with 
material, layouts, dimensions, and implementations different from those specifically 
discussed in the present application. Moreover, some of the specific details of the 
invendon are not discussed in order to not obscure the invention. The specific details not 
^ discussed in the present application are within the knowledge of a person of ordinary 

m 

W 10 skills in the art. 

Lj The drawings in the present application and their accompanying detailed 

fi j 

s description are directed to merely example embodiments of the invention. To maintain 
2; brevity, other embodiments of the invention which use the principles of the present 
p invention are not specifically described in the present application and are not specifically 
15 illustrated by the present drawings. 

Figure 2 shows a cross section of one example of the invention. Plastic laminate- 
based molded printed circuit board package 20 comprises a layer of solder mask, referred 
to by numeral 26. A first layer of metal, referred to by numeral 22, rests on top of solder 
mask 26. A layer of resin, referred to by numeral 24, rests on top of metal 22. A second 
20 layer of metal, referred to by numeral 36, rests on top of resin 24. In the present example, 
metal 36 can be gold-plated copper. 

Semiconductor die 16 is attached to die-attach area 18 by die attach 48. In the 
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present embodiment, die attach area 1 8 includes a layer of solder mask (not shown in any 
of the Figures) under die attach 48. Die attach 48 can comprise silver-filled epoxy or 
bismalemide. Generally die attach 48 can be electrically conductive or electrically 
insulative, thermoset adhesive or thermoplastic adhesive, or a combination thereof. A 
5 bond wire, referred to by numeral 28, is bonded to a die bonding pad, referred to by 
numeral 14, that rests on top of semiconductor die 16. The other end of bond wire 28 is 
bonded to a printed circuit board bonding location, referred to by numeral 30 which is 
located in printed circuit board bonding region 40. Printed circuit board bonding region 
i 40 is a designated region on the surface of metal 36 used for bonding to bond wires such 

r 
: 

J 10 as bond wire 28. Solder mask 38 covers a portion of metal 36, but does not cover printed 
circuit board bonding region 40. In one embodiment, printed circuit board region 40 
comprises a layer of nickel plating on metal 36 followed by a layer of gold plating on top 
of the nickel plated metal 36. Altematively, a palladium plating could be used instead of 
the gold/nickel plating described above. The mold compound, referred to by numeral 12, 
15 completely encloses metal 36, solder mask 38, semiconductor die 16, bond wire 28, die 
bonding pad 14 and printed circuit board bonding location 30. 

Die-attach 48 is applied to die attach area 18 to create a strong mechanical bond 
between semiconductor die 16 and the printed circuit board. This bond should not 
become loose or deteriorate in the manufacturing process or during use by the customer. 
20 Mold compound 12 surrounds plastic laminate-based molded printed circuit board 

package 20 to provide protection from contamination and physical abuse in subsequent 
manufacturing processes and during use by the customer. In the present example, mold 
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compound 12 can be made of various chemical compounds such as multifunctional 
epoxy, novolac, and biphenyl resin, or a combination thereof. 

In this example, printed circuit board bonding region 40 can be gold/nickel plated 
copper or palladium plated copper. Mold compound 12 does not adhere well to gold or 
5 palladium. Therefore, as discussed above, a method is needed to secure mold compound 
12 to metal 36. 

Figure 2 also shows a cross section of a standard hole, referred to by numeral 44, 
which has been fabricated in the laminate printed circuit board adjacent to semiconductor 
die 16. Hole 44 may be fabricated by drilling. Alternatively, hole 44 can be punched into 



hj 10 the laminate printed circuit board, or may be fabricated through other means, such as by 
J: . plasma etching or laser. In addition, although hole 44 is shown in Figure 2 as a "through 
r \ / hole," i.e. extending through the entire printed circuit board, hole 44 could also be 



/ fabricated as a partial or "blind" hole, i.e. a hole that extends only a certain depth into the 

printed circuit board. The invention uses hole 44 to provide more effective mechanical 
15 and chemical adhesion between mold compound 12 and metal 36. The invention 

achieves this result by fabricating hole 44 prior to the application of mold compound 12. 
In the present example, the diameter of hole 44 can be 0.254 millimeters. The invention's 
hole 44 remains unplated. Instead, mold compound 12 is applied to and completely fills 
hole 44 during the molding process, as described in more detail below. 
10 During the process where mold compound 12 is applied to the printed circuit 

board, the printed circuit board's bottom rests on a plate within a mold mounted in a 
transfer molding machine. Thus, in the case of a through hole, the plate (not shown in 
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Figure 2) sits at the bottom of hole 44. Mold compound 12 is in a high temperature liquid 
state when it is applied to the printed circuit board and is forced around semiconductor 
die 16, die bonding pad 14, printed circuit board bonding location 30, bond wire 28 and 
solder mask 38. Mold compound 12 is also forced into hole 44 and fills it up. In the case 
5 of a through hole, mold compound 12 is flattened against the plate at the bottom of hole 
44. Most of the air is displaced from hole 44 as it is filled up. Mold compound 12 is then 
allowed to set, i.e., change from a liquid to a solid state as the temperature goes down. 

Thus, during the molding process, hole 44 is completely filled with mold 
compound 12 and, in the case of a through hole, the flow of mold compound 12 out of 
if 10 hole 44 is limited by the placement of a plate (not shown in Figure 2) at the bottom of the 
printed circuit board. In addition, semiconductor die 16 is surrounded and covered by 
mold compound 12. The result of this process is shown in Figure 2 where hole 44 is 
shown completely filled with mold compound 12. 

Resin 24 and mold compound 12 have similar chemical properties. Thus, there is 
15 a strong chemical bond between them. In addition, resin 24 and mold compound 12 have 
similar physical properties. They both have relatively rough surfaces. As a result, a tooth 
like structure with interlocking cracks and crevices is formed where resin 24 and mold 
compound 12 meet along the walls of hole 44. These interlocking cracks and crevices 
result in a strong mechanical bond between mold compound 12 and resin 24 where they 
20 meet in hole 44. In addition, the walls of hole 44 provide an increased surface area on 
which mold compound 12 can adhere. This increase in the surface area where adhesion 
takes place results in a stronger overall adhesion of mold compound 12 to the surface of 
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plastic laminate-based molded printed circuit board package 20. The arrows in Figure 2, 
generally referred to by numeral 46, show the bonding between resin 24 and mold 
compound 12 in hole 44. 

This chemical and mechanical bond between resin 24 and mold compound 12 
5 essentially "stakes down" mold compound 12 to the surface of metal 36 and to the top of 
semiconductor die 16, thus providing better protection against separation of 
semiconductor die 16 from die attach area 18 or mold compound 12 from metal 36. Thus, 
when vapor resulting from heat causes an upward force on semiconductor die 16 and 

y mold compound 12, the portion of mold compound 12 in hole 44 acts as a plug and locks 

hj 10 mold compound 12 into the printed circuit board. 

J* In this way, the invention provides significantly better mechanical and chemical 

adhesion between mold compound 12 and metal 36. This, in turn, allows mold compound 
ffl 12 to provide better protection against separation of semiconductor die 16 from die-attach 
5 area 18. Therefore, the reliability of the plastic laminate-based molded IC package will 
15 be substantially increased. 

The invention's method is very cost-effective since the equipment used to fabricate 
the invention is already a part of the standard laminate printed circuit board 
manufacturing process. Thus, the invention provides, in a cost effective manner, 
significantly better protection against electrical failures such as shorts and opens that 
20 occur in the substrates and at the wire bonds as a result of delamination. 

From the above description of the invention it is manifest that various techniques 
can be used for implementing the concepts of the present invention without departing 
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# 

from its scope. Moreover, while the invention has been described with specific reference 
to certain embodiments, a person of ordinary skills in the art would recognize that 
changes can be made in form and detail without departing from the spirit and the scope of 
the invention. Thus, the described embodiments are to be considered in all respects as 
5 illustrative and not restrictive. It should also be understood that the invention is not 
limited to the particular embodiments described herein, but is capable of many 
rearrangements, modifications, and substitutions without departing from the scope of the 
invention. 

Thus, method and structure for securing a mold compound to a printed circuit 
10 board have been described. 
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